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Abstract 
This paper (Part II) is companion of another one published in this Conference (Part I). Both the papers describe the approach 
followed in the application of the SLIP model at different scales to foresee the triggering mechanism of rainfall-induced shallow 
landslides. In particular, this paper (Part II) focuses on the modeling at medium and large scale (regional and national level). The 
possibility of using the same means to model the phenomenon from the scale of the representative elementary volume (i.e. flume 
laboratory tests) to the medium and large scale (hundreds or thousands square kilometers wide areas) allowed from the one hand 
to strengthen the model assumptions and on the other hand to develop a “flexible” tool, to be used easily for early-warning 
purposes. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing and scientific committees of CNRIG2016. 
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1. Introduction 
As already explained in the companion paper (Part I), the simplified model named SLIP (Shallow Landslides 
Instability Prediction) falls in the category of the physically-based models suited to be applied at different scales. In 
particular, the SLIP model has been tested through a series of back analyses, on the basis of really occurred 
landslides, on single slope scale [1,2], on regional scale, i.e. on areas of the order of hundreds square kilometers wide 
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[3,4,5], and on the entire Italian territory. The application of the SLIP model to reproduce the phenomenon at large 
scale will be presented in the following sections. The presented methodology allowed to develop a tool to be used 
easily for civil protection purposes, from the site-specific level towards preliminary early-warning at national scale. 
2. Application of the SLIP model at single slope scale 
Starting from the observation of a huge number of rainfall-induced shallow landslides occurred in the Modenese 
Apennine (Emilia Romagna Region, northern Italy) on May 2004, April 2005 and December 2005, the SLIP model 
was applied at single slope scale on different sample sites [1,2]. The landslides were triggered in foothill areas, with 
altitudes between 300 m and 700 m a.s.l. and with average slopes between 20° and 38°, where Quaternary 
continental deposits are widely present. In particular, some sample sites were identified to carry out a detailed 
analysis, including field surveys and geotechnical characterization of soils from laboratory tests (Table 1). The 
shallow altered soil that could be considered potentially unstable was classified as sandy silt. The slope was derived 
from the available 20mx20m Digital Elevation Model (DEM) and the depth of the potentially unstable soil layer was 
evaluated during field surveys. Daily pluviometric data were acquired from a historical database, taking into account 
the time span of about 12 months around the date of each event. In particular, the Polinago pluviometric station was 
used for the events of May 2004 and April 2005 (5_04P1; 4_05P4), the Serramazzoni station was used for one event 
of May 2004 (5_04S1), and the Montese station was used for the events of December 2005 (12_05M2). The results 
obtained by applying the SLIP model gave the FS evolution over time, highlighting the condition of instability 
(FS=1) only in correspondence to critical meteorological events, which triggered the real phenomenon. Fig. 1 shows 
the results of the model application at four considered sites. 
 
 
Fig. 1. Model application on a local scale: measured daily rainfall and trend of the safety factor versus time for the studied sample sites. 
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Table 1. Data input for the local application of the model 
Event ID Site ȕ(Û) H(m) n GS ĳ'(Û) c'(kPa) A(kPa) Ȝ Į KT(s-1) soil 
5_04P1 Casa Borelli 22 1.30 0.48 2.7 33 0 80 0.4 3.4 5·10-7 sandy-silt 
5_04S1 Rocca S. Maria 36 2.50 0.48 2.7 33 0 80 0.4 3.4 10-6 sandy-silt 
4_05P4 Casale 27 2.00 0.48 2.7 33 0 80 0.4 3.4 10-6 sandy-silt 
12_05M2 Montalto 21 1.25 0.40 2.7 32 0 40 0.4 3.4 10-6 sandy-silt 
3. Application of the SLIP model at regional scale 
A back analysis of widespread shallow landslides occurred in the territory of the central Emilian Apennine, 
Emilia Romagna Region (Northern Italy) on 10–11 April 2005 was carried out by applying the SLIP model at 
regional scale [3]. A total of 45 shallow landslides were selected and mapped from aerial photographs on 1:12000 
scale (Fig. 4). These landslides were concentrated in an area of 370km2, which was assumed as “test-area”. The 
stability analysis was carried out on both the “test-area” and a wider study area (nearly 1200 km2). The event 
occurred on April 2005 was used as benchmark for the model calibration and a second event occurred in December 
2005 was used to verify the predictive capability of the model while keeping the input parameters constant. The area 
was divided into a 20m×20m grid. The slope angle was derived from the DEM with accuracy of 20 m, whereas 
geotechnical data were derived from the most detailed lithological, geological and soil coverage data available. In 
particular, for the geotechnical characteristics of shallow soils, two complementary levels of information have been 
used: the regional map of soil covers and the regional lithological map (scale 1:10,000). On both the test area and 
the whole study area, six soil units were defined. The values of geotechnical parameters of each soil unit were 
assigned on the basis of a large number of laboratory tests on representative samples collected in the test-area. The 
model used precipitation maps obtained from data measured by 13 rain-gauges. Rainfall input data, in terms of 
rainfall depth, were associated with each cell. The interpolation method used for the definition of the rainfall pattern 
was based on the inverse-square distance weighing method, applied to each point with respect to the position of the 
rain gauges, disregarding the altitude. The output of the model was given in terms of FS maps, i.e. a value of FS  for 
each elementary cell at a certain time. For the sake of conciseness, only the results relative to daily runs of the SLIP 
model on the basis of the rainfall conditions over the last 30 days are presented in Fig. 2. 
 
 
Fig. 2. (a) Study area and test-area. (b) Localization of soil slips occurred on 11 April and 3 December 2005 and soil units. (c) SLIP analysis on 
the sample area (11 April 2005). (d) time-varying maps of Fs corresponding to the events occurred in April 2005 (14% of unstable areas) in the 
whole study area: (I) Fs map on 9 April 2005; (II) Fs map on 10 April 2005; (III) Fs map on 11 April 2005. Each elementary cell is 20m×20 m. 
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4. Application of the SLIP model at national scale 
Since 2012, the SLIP model has been adopted by the Department of National Civil Protection (DPC) of Italy as a 
prototype early-warning system for rainfall-induced shallow landslides on national scale. To prove the operational 
viability of the model on a nationwide domain, hind cast tests on some relevant case histories of shallow landslides 
occurred between October 2009 and October 2011 were carried out [4]. The Italian territory was divided into a 
20mx20m grid. Datasets information such as elevation, soil type, land use and precipitation were derived from the 
maximum available detail. The geotechnical properties of the shallow soils were assumed as typical mean values of 
those characteristics of sandy silt or clayey silt, which are the most common soil types located just beneath the 
ground surface in the Italian geological context. Due to the extent of the geographic area considered as well as the 
limited resolution of datasets, several assumptions have been made: (1) detailed geotechnical information was not 
included in the analysis; however, this kind of information can be incorporated into the model when data become 
available; (2) the soil layer subject to sliding is generally characterized by a certain degree of heterogeneity, but in 
this study it has been considered homogeneous; (3) although the slope angle is a crucial factor for this kind of slope 
stability, it has been derived from the available DEM with a resolution of 20m, which does not allow considering 
specific topographic conditions. As regards the geotechnical characteristics of shallow soils, due to the lack of 
information, a unique set of mean parameters has been assumed, starting from the available geological map (scale 
1:500,000). In particular, six soil cover classes have been defined, in order to take into account, through a different 
value of the shear strength angle, the diverse soils belonging to each geological formation. 
At the moment, the model can run operatively twice a day, producing a detailed FS map, on the basis of rainfall 
conditions of the last 30 days. The accumulation time step, currently set to 12h, can be modified and reduced, in 
case of warning situations, to increase the refresh rate. For the sake of conciseness, only the results of daily runs are 
presented in Figs. 3 and 4. The output of the model can be represented as both FS maps, which give the FS for each 
elementary cell with a resolution of 20m at a certain time (non-aggregated results), and instability index maps 
(aggregated results). The latter have been formed in order to obtain an alert level for shallow landslides occurrence 
on a wide area. In fact, FS maps for the whole Italy would not have been able to give an efficient first glance on the 
hazard condition pending over the entire Italian territory and would have been very heavy to handle within the Web 
GIS System. Thus, for operational purpose, the FS values obtained on elementary cells have been aggregated 
considering larger reference areas. The cell size of the instability index maps (approximately 1 km2) has been chosen 
for operational reasons, to have a synoptic view over the entire territory of Italy.  
In the operational aggregation procedure, two types of instability index are computed: the “absolute” instability 
index and the “relative” instability index. The “absolute” instability index is the ratio between the number of 
elementary cells where Fs  1 (instability condition) and the total number of cells in each reference area (including 
the unconditionally stable cells). On the contrary, the “relative” instability index is the ratio between the number of 
elementary cells where Fs  1 (instability condition) and the total number of potentially unstable cells, where FS is 
effectively calculated, in each reference area (excluding the unconditionally stable cells). 
On the basis of the calculated instability index, different classes of alert level have been defined, and a different 
colour has been assigned to each class. In particular, if the instability index is lower than 10%, the area is classified 
as at a “minimal” alert level; if the ratio is between 10 and 30%, the alert level is considered “low”; the alert level 
becomes “moderate” if the instability index is between 30 and 50%; for values of the instability index higher than 
50%, the alert is considered at a “high” level. For the time being, the model results are condensed and presented in a 
time-varying GIS environment through appropriated output maps, where different colours correspond to the defined 
levels of critical conditions. The obtained results compared with past real events showed that the model has skill in 
representing both timing and location of shallow landslides. 
Conclusions 
The most innovative aspects of the SLIP model and of the adopted methodology at large scale are: 
x The definition of a site-specific time-varying landslide susceptibility map based on the comparison between 
results of the SLIP model and real past events; 
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x The definition of a methodology to obtain an up-to-date susceptibility map at local scale on the basis of 
both geological and rainfall data;  
x The development of an early-warning system for rainfall-triggered shallow landslides at different scales; 
x The possibility to develop a site-specific effective operational tool for assessing the hazard of rainfall-
induced shallow landslides at local scale. 
The availability of this tool by agencies responsible for the territory protection can represent a basic requirement 
for the management of emergency plans and for a proper planning for the mitigation of hydrogeological hazard. 
 
 
 
 
 
 
 
 
 
 
 
   
(a)                                                                                                        (b) 
Fig. 3. Event occurred at Scaletta Zanclea and Giampilieri (Eastern Sicily) on 1 October 2009: (a)  rainfall map; (b) map of “relative” instability 
index (47 landslides/km2 were observed)[4]. 
   
 
 
 
 
 
Fig. 4. Events occurred on 25 October 2011 in Eastern Liguria and Northern Tuscany: (a) rainfall map; (b) map of “relative” instability index [4].  
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